Introduction: Monosodium glutamate (MSG) is utilized to enhance appetite and there is rising solicitude that MSG has a role in the evolution of hepatic disturbances. Propolis has been notified to have a considerable role in the amelioration of hepatic toxicity. Aim: The aim of this study is to investigate the protective effect of propolis on hepatotoxicity induced by MSG. Materials and methods: Forty-eight male rats were divided into four equal groups (Gp). GpI was served as a control, GpII was treated orally with propolis (90mg/kg bw) and GpIII was treated with MSG (97 mg/kg bw). GpIV was treated with MSG and propolis in the same doses as GpII and GpIII. All agents were administrated orally once daily for 6 weeks. Then, rats were sacrificed and blood samples were collected for biochemical analysis. Liver tissues were harvested for histopathological and histochemical examinations with determination of oxidative markers. Results: The results showed that the levels of ALT, AST, and ALP significantly augmented in MSG-treated rats whereas serum albumin level significantly declined. Rats' exposure to MSG increased oxidative parameters; malondialdehyde (MDA) in the tissue, in parallel with decreased antioxidant enzymes levels as well as histopathological damages in the hepatic tissue. The administration of propolis highly mitigated the hepatotoxic influences of MSG based on biochemical and histological alterations. Conclusion: In summary, the study obviously indicates that MSG-induced hepatic toxicity could be protected by propolis administration and such beneficial properties could be attributed to the polyphenolic compounds present in these natural products.
Introduction
he metabolism of xenobiotic largely takes place in the liver. The by-product of such metabolism sometimes becomes more toxic than the parent substance. This could lead to liver injury and the emergence of hepatic diseases. These by-products include oxygen-containing molecules that damage vital cell components through oxidation. The liver contains a considerable amount of polyunsaturated fatty acids that are prone to damage by free radicals through oxidative stress .
Eating manner has a fundamental role in metabolic and food-related diseases. Lately, the modern high tech diet contains abundant of chemicals compounds. Monosodium glutamate (MSG)-l-glutamic acid-is widely used to preserve foods and to enhance its palatability, with its sodium salt, which naturally present making its toxicity a significant area of animal and human research (Dixit et al., 2014) .
MSG is one of the ultimate numerous naturally present non-essential amino acids and the treatment with MSG could have the ability to induce metabolic alterations, which can enhance the development of severe body disorders (Eweka and Om'Iniabohs, 2011) . The components of MSG include sodium and water (22%) and glutamic acid (78 %). Glutamate as a main component in MSG is one of the major ingredient of numerous peptides and proteins and it is extremely widespread amino acids in the nature. Furthermore, the amino acid Glutamate is generated in the human body and has a vital role in the metabolism of the systems of human body. Monosodium l-glutamate (MSG), chemically known as 2-amino pentane dioic or 2-amino T glutamic. MSG is excessively added to the food to enhance its flavor and in many conditions; its name is not mentioned on the label of the food packages. The identification of this foods additive (MSG) was done after its laboratory isolation in the previous years. New MSG was produced for commercial purposes by fermentation of molasses, beet sugarcane, sugar, or starch (Hamza and Al-Harbi, 2014) .
Some studies specified that Monosodium glutamate has toxic effects on the human body and animals in labs . Many symptoms could be induced by MSG such as flushing, weakness, sweating, numbness, headaches and dizziness. Furthermore, considerable disorders could be attributed to MSG ingestion, including atopic dermatitis, abdominal discomfort, asthma, ventricular arrhythmia and neuropathy (Torii, 2012) .
Antioxidants have been reported to play a significant role in the protection against lipid peroxidation. Some researchers have shown that oxidative stress hepatic damage induced by MSG exposure are protected by antioxidants agents cotreatment and free radical scavengers . Propolis (PP) is a sticky substance which is gathered and utilized by honeybees (Rizk et al., 2014) . It has been utilized in people prescription everywhere throughout the world. It plays many roles as immunoregulatory, anti-inflammatory, anticancer, antibacterial , antioxidant and bacteriostatic efficiencies (Bueno-Silva et al., 2013) . It likewise has a potent cytoprotective impact against various exogenous harmful and toxic agents (Rizk et al., 2014) . The aim of this study was to investigate the possible effect of propolis in ameliorating MSG induced-hepatotoxicity in rats.
Material and methods

Animals
Forty-eight adult male albino rats, of almost the same age (~1 month) and weighted (187.68 ± 8.26) were purchased from the animal house colony of the national research center (NRC, Giza, Egypt). Rats were allowed one-week acclimatization period and were housed in groups in standard plastic cages at constant temperature (23 ± 2 °C), humidity (60 ± 10%), and a light/dark (12/12 h) cycle with lights on at 5:00 am. They were allowed free access to food and water throughout the experimental period. The study was performed in compliance with the procedures and policies approved by the Research Ethics Committee of Faculty of Medicine, Suez Canal University and in compliance with the Guide for the Care and Use of Laboratory Animal (Council, 2010) .
Drugs and chemicals
Monosodium glutamate (MSG) (C5H9NO4.Na) with purity 99% was obtained from ALPHA CHEMICA (Mumbai, India). All other high reagent grade chemicals and diagnostic kits were obtained from Sigma-Aldrich (St. Louis, MO, USA). Using specific commercially available kits, lipid peroxidation measured as malondialdehyde (MDA), superoxide dismutase (SOD) activity, catalase (CAT) activity, glutathione (GSH) and glutathione peroxidase (GPx) were measured. Propolis was collected from honeybee hives at an Egyptian farm after freezing. It was ground and 10 grams of it was added to 100 mL sterile distilled water. The mixture was boiled for one hour with frequent shaking, left to cool, filtered through gauze to recovered the clear working solution (Sforcin and Bankova, 2011) . Animal treatment schedule Rats were divided randomly into four equal groups (12 rats/group) and treated as follows: (i) Control (Gp I) served as control and received 1ml distilled water; (ii) Propolis (PP)-(Gp II) was treated orally with propolis (90 mg/kg bw) (Sartori et al., 2009) dissolved in distilled water once daily; (iii) MSG (Gp III) was treated orally with MSG (97 mg/kg bw, it is prepared in water at 0.64 g/L) (Collison et al., 2009 ) once daily; (iv) PP-MSG (Gp IV) was co-treated with propolis (90 mg/kg bw) + MSG (97 mg/kg bw, it is prepared in water at 0.64 g/L). All materials were dissolved in distilled water and given once daily for 6 weeks. One day after the end of the experiment, rats were sacrificed under anesthesia and blood samples were collected for biochemical liver parameters. Liver tissues were harvested for histopathological and histochemical examinations with determination of oxidative markers.
Sampling and investigations
One day after the end of the experiment, the animals were weighted then morning blood samples from overnight fasting rats were collected from orbital venous plexuses under light diethyl ether anesthesia before sacrifice by cervical dislocation. Serum was recovered from clotted blood by centrifugation at 1000 xg for 10 min at 4 o C and aliquot was frozen at -80 o C till usage. The liver was rapidly dissected out, weighed and prepared for homogenization and histological assessment.
Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were determined in U/L by the method of Reitman and Frankel, (1957) . Serum alkaline phosphatase (ALP) was determined according to Bessey et al. (1946) . Albumin (g/dL) was determined by the method of Pinnell and Northam, (1978) . Total bilirubin level in mg/dL were measured based on the method of Perry et al. (1986) .
Hepatic homogenate preparation
One gram of hepatic tissues was homogenized in 9 mL ice cold phosphate-buffered saline (pH 7.5), centrifuged for 15 minutes at 3000 rpm and 4 o C, and, the clear supernatant was stored in aliquots -80 °C for further utilization (Fernandez-Botran et al., 2002) . Relative body weight (RBW) was calculated as: (final body weight / initial body weight) x 100 and, relative liver weight (RLW) was calculated as: (liver weight / final body weight) x 100. Hepatic MDA and antioxidant enzyme activities estimation:
Hepatic homogenate level of MDA was estimated as thiobarbituric acid reactive substance according to Kei technique (1978) . Hepatic homogenate activity of SOD was estimated according to Masayasu and Hiroshi, (1979) technique. The method of Aebi, (1984) was used to determine the hepatic catalase (CAT) activity in tissue homogenates. GSH level was estimated according to Beutler, (1963) technique. Hepatic level of glutathione peroxidase (GPx) was estimated according to Lawrence and Burk, (1976) technique. These are the biochemical bases for the utilized commercial assay kits.
Histopathological examination
The liver of each rat was carefully dissected out and fixed in 10% buffered neutral formalin. The fixed liver specimens were routinely dehydrated by graded series of alcohol, cleared in xylol and finally embedded in paraffin. Paraffin blocks were serially sectioned at 4 um thickness and stained with haematoxylin and eosin stains (H&E) (Bancroft and Gamble, 2008) . The gathered sections were collected on glass slides, and succumbed to histopathological examination using the electric light microscope Olympus BH2 (Tokyo, Japan). Masson's trichrome and periodic acid Schiff (PAS) reactions were examined.
Statistical analysis
All results data were presented as means ± standard deviation of the means (SD). One-way analysis of variance (ANOVA) was used to compare between animal groups for all the parameters. Difference was considered significant when p<0.05. Statistical analysis was done using SPSS software, version 22 for windows (SPSS, Inc., Chicago, IL, USA). Table 1 shows that after six weeks study period with matched initial body weight, both final and relative body weights (RBW) were significantly increased in GpIII (the group administered MSG) compared to GpI and GpII (control group, and the group given propolis respectively), (p<0.05). After administration of propolis with MSG in GpIV, both final and RBW significantly decreased compared to GpIII. Liver weight and relative liver weight (RLW) were significantly increased in GpIII compared to GpI and GpII (p<0.05). Propolis significantly decreased liver weight and RLW in GpIV compared to GpIII (p<0.05). (Table 1 ) Effect of Monosodium glutamate (MSG) , propolis (PP) and their combination on liver function parameters MSG administration in GpIII significantly increased ALT, AST, ALP and bilirubin in parallel with significantly decreased albumin compared to GpI and GpII (p<0.05). In group GpIV (PP+MSG), all measured hepatic function parameters were improved significantly compared to GpIII. (Table 2 ) Effect of Monosodium glutamate (MSG), propolis (PP) and their combination on liver oxidative markers Table 3 showed that the antioxidant markers (CAT, SOD,GPx and GSH) levels significantly decreased in GpIII compared to GpI and GpII, while MDA significantly increased compared to those groups (p<0.05). After administration of propolis with MSG in GpIV, the levels of these markers significantly improved compared to MSG group (GpIII) (p<0.05).
Results
Effect of Monosodium glutamate (MSG), propolis (PP) and their combination on body and liver weights
Histopathological and histochemical results
The rats' livers in the different group were examined macroscopically and showed pallor in color, obvious signs of edema and congestion with lack of liver borders. With the cutting of liver tissue, edema and congestion were present.
1. The Light microscope observation Liver examination of control group using the light microscopic (GpI) and propolis-group (GpII) revealed almost the same histological picture. Hematoxylin & Eosin stained liver sections of the control group (Gp I, II) showed the normal architecture of the classic hepatic lobules. The hepatocytes form cords radiating from the central veins and separated by radially arranged blood sinusoids. The hepatocytes have round vesicular nuclei and some of them appeared binucleated with no evidence of injury (Fig 1A, B) . Sections of MSG-group (GpIII) showed evidence of hepatocytes cell injury: hydropic degeneration, congested sinusoidal vessels and bi-nucleation (Fig 1C) . Liver sections of propolis -MSG group (GpIV) showed improvement in the microscopic features of the hepatic architecture, which were almost similar to those of the control group. Sections of propolis -MSG group showed only mild hydropic degeneration (Fig 1D) .
2. Histochemical examination: a. Periodic Acid Schiff's (PAS) observation: Glycogen content was assessed by periodic acid schiff's (PAS). Examination of the control liver sections (GpI and GpII) stained with PAS showed mucopolysaccharide granules in the cytoplasm of hepatocytes with cytoplasmic reaction with glycogen was seen in hepatocyte (Fig  2A,B) .Those in GpIII administered with monosodium glutamate, exhibited increase in the overall amount of PAS positive substance in hepatocyte (Fig 2C) . Nevertheless, the rats livers co-treated with monosodium glutamate and propolis with (GpIV) exhibited a mild decrease in cytoplasmic reaction with glycogen in hepatocyte. However, they did not come back to the lower level appeared in the normal control group (Fig 2D) . b. Collagen content Masson's trichrome stained liver sections of the control group exhibited a collagen with normal distribution, which presented few amount of collagen fibers around the central vein with no fibrous expansion was seen (Fig 3A,B) . However, in GpIII treated with monosodium glutamate, mild fibrous expansion of portal tract ( Fig  3C) . In GpIV, the liver of rats treated with propolis and MSG, there was an amelioration in the deposition of collagen with no fibrous expansion was seen (Fig 3D) . showed improvement in the microscopic features of the hepatic architecture, which were almost similar to those of the control group. Sections of propolis -MSG group showed only mild hydropic degeneration (Black arrows), and binucleation (Red arrow) (H&E, 40x). 
Discussion
Researches reporting the evidence of the toxic and harmful effects of MSG have brought the expanding enthusiasm up in MSG allow as flavor enhancer. In spite of the fact that MSG have role in the appetite enhancing, studies demonstrated that it has a harmful effects on human and experimental animals (Gobatto et al., 2002) . Its use has been proved to affect the metabolic processes causing oxidative stress injuries to the tissues (Sant 'Diniz et al., 2005) which might be responsible for the pathophysiology of numerous diseases as endothelial damages, diabetes and cancer (Mallick, 2007) . In the current study, the biochemical, histopathological and histochemical examinations of MSG-induced liver toxicity were assessed and its prevention by propolis administration.
All the animals included in the study, survived well throughout the experiment. In the current study, the effects of monosodium glutamate evaluated after a period of six weeks in adult rats showed a statistically significant increase in the mean final and relative body weight of rats. This finding is in agreement with Seiva et al. (2012) who reported that MSG-treated rats had increased body weight gain. Nourishment utilization was significantly increased in MSG-treated animals.
Moreover, body weight gain has been significantly reduced in rats treated with MSG after administration of propolis as a co-treatment as propolis has an inclination in decreasing rat's food intake. Peluso, (2006) stated that flavonoids have been described as modulators of lipid homeostasis in the adipose tissue and liver, through the inhibition of phosphodiesterases. Body weight gain is attributed to hyperphagia, which is firmly connected to the impairment in metabolic process in the body, yet it has additionally observed to be related to dyslipidemia, hyperleptinemia and insulin resistance/glucose tolerance (Sant 'Diniz et al., 2005 ). In the current study, appetite control center had most likely been compromised in the rats treated with MSG. Adipocytes secrete a protein called Leptin. After binding Leptin to its hypothalamic receptor, it is fundamentally responsible for induction of satiety. Previous reports had depicted that hyperphagia caused in rats treated with MSG is mainly attributed to the toxicity induced by MSG which induced insufficient binding of leptin to its receptors (Afifi and Abbas, 2011) , accordingly elevating levels of leptin in serum. This is in agreement with Rani et al. (2013) who reported that the rats at the end of the experiment of MSG exposure appeared more obese than the control animals.
The results in the current study showed that serum levels of ALT, AST and ALP were significantly increased in-group of rats treated with MSG denoting liver injuries. It is believed that the elevation and induction of these enzymes activities could be attributed to the damage in liver caused by MSG administration with hepatocytes spillage of these enzymes. Propolis use as co-treatment significantly ameliorates and restores the levels of these enzymes. The reversal of increased serum enzymes in MSG induced liver damage by propolis may be due to the prevention of the leakage of intracellular enzymes by its membrane stabilizing activity. This is in agreement with the commonly accepted view that serum levels of transaminases return to normal with the healing of hepatic parenchyma and the regeneration of hepatocytes (Wagh, 2013 , Bankova, 2005 .
Furthurmore, Vieira et al. 2011 reported that the liver and its functions are propably protected and ameliorated with the administartion of propolis. Yousef et al. (2010) and Farombi and Onyema, (2006) have identified and confirmed the finding that MSG induced liver damage and increased ALP, AST, and ALT enzymes in serum with metabolic derangements.
Interestingly, many researchers have attributed the hepatoprotective effect of propolis directly to stabilization of redox state in the cells (Anjum et al., 2018 , El-Guendouz et al., 2017 . Oxidative stress reflects an imbalance between the systemic manifestation of reactive oxygen species and a biological system's ability to readily detoxify the reactive intermediates or to repair the resulting damage. Disturbances in the normal redox state of cells can cause toxic effects through the production of peroxides and free radicals that damage all components of the cell, including proteins, lipids, and DNA, as occurs with MSG toxicity (AL-Mosaibih, 2013) .
These finding are in agreement with Diniz et al. (2004) , Tawfik and Al-Badr, (2012) and AL-Mosaibih, (2013) who stated that animals treated with MSG orally at a dose of 0.6 mg/g for 10 days induced hepatic damage through oxidative stress, which caused lipid peroxidation, deceased levels of antioxidant enzymes; superoxide dismutase and catalase with diminished glutathionetransferase activity. In the same context, Valko et al. (2007) reported that oxidative stress could be induced and displayed in the cardiac tissue after administration of MSG at a dose of 4, 8 mg/g body weight with modification of CAT and SOD levels
The current study showed that the hepatic tissues of rats treated with MSG exhibited remarkable histopathological derangements. Comparable findings have been mentioned in other studies (Inkielewicz and Krechniak, 2003 , Ayman et al., 2013 , Kumbhare et al., 2015 . and Ayman et al. (2013) revealed that liver central vein has been dilated in group of rats treated with MSG in comparison with hepatic section of control groups. This is in a good agreement with the data provided in the current experiment that MSG administration in rats caused hydropic degeneration, congested sinusoidal vessels in the toxic group compared to the hepatic tissues of control groups. These hisopathological changes are in the same line with previous researchers (Ortiz et al., 2006) who reported that the liver showed steatosis and necrosis. All of these data could be explained by the excitotoxic role of the glutamate.
These findings are similar to the results of Onyema et al. (2006) and Ortiz et al. (2006) who revealed that some areas of hepatic apoptosis and necrosis are found in hepatic tissues of MSG-treated rats. Conversely , Egbuonu et al. (2009) revealed that hepatocytes degeneration , biliary proliferation and peribiliary fibrosis are induced by MSG-treated rats. The current study revealed hepatic fibrosis, which can be attributed to the diminished production of glutathione peroxidase and the increased generation of malondialdehyde (MDA) in the hepatocytes. This is in concurrence with Yaqub et al. (2008) who reported that oxidative stress assumes a significant role in the emergence of hepatic degeneration and fibrosis.
The treatment with propolis significantly alleviated the MSG derangements in functions of the liver. It appears to fulfill the structural integrity of the liver as evident in the increase in the antioxidants parameters (CAT, SOD, GPx, and GSH) and a reduction in MDA level. Additionally, it has ameliorated the hepatic histopathological changes. This finding affirmed by (Peña, 2008 , Anjum et al., 2018 who mentioned that the histopathological changes in the diseased organs are relieved with propolis treatment approximately to control groups.
Moreover, these findings indicated that the levels of hepatic antioxidant enzymes (SOD and CAT) and content (GSH) are down regulated by MSG administration. These observations come in the same context with Seiva et al. (2012) who reported that the antioxidant enzymes levels decreased with MSG administration. However, these enzymes restored approximately to the normal control level with the administration of natural antioxidants.
Propolis utilization has considerable impact on human body systems and is utilized for different reasons. Recently , it is utilized as an antioxidant, antiinflammatory, antifungal, anesthetic, antiviral , antibacterial , anticancer, antitumoural , antiprotozoal , Abdulrhman et al., 2012 , Sforcin, 2016 anti-hepatotoxic, anticarcinogenic , antihypertensive with cytotoxic properties, etc. (Toreti et al., 2013) .
Many researchers (Andrade et al., 2008 , Peña, 2008 depicted that propolis works as a hepatoprotective substance. It elevates the level of glutathione while declining oxidized glutathione level and lipid peroxidation. Thus, antioxidant activity of the liver is enhanced by propolis intake against various hepatotoxic agents. Previous studies also reported that, propolis has ameliorative role against the hepatic and renal damage caused by the oxidative stress damage (Wagh, 2013) . Propolis exhibited amelioration of hepatic toxicity and liver injuries induced by paracetamol , allyl alcohol, and CCL4 in rats (Wagh, 2013) . Bankova, (2005) reported in his research that diterpenic acids as well as isolated phenolic components of propolis, exhibit hepatoprotective peculiarity. Kuropatnicki et al. (2013) showed that propolis consists of more than 180 various kinds of chemicals . In general, propolis contains polyphenol (flavonoids, phenolic acids and esters) (Król et al., 2013 , Kumar et al., 2008 , ketones and, phenolic aldehydes etc. (Elnakady et al., 2017) . The distribution of these materials is as follows: resins and vegetable balsam 50%, Bee wax 30%, pollen 5%, essential and aromatic oils 10%, as well as some other substances and organic compounds (Abdulkhani et al., 2017 , Martinotti and Ranzato, 2015 , Rufatto et al., 2017 , Sabir, 2017 .
Recent researchers reported that propolis has a cyto-protective role due to its antioxidant property, which attributed to its ingredients galangin and pinocembrin (Al-Hariri, 2011 , El-Guendouz et al., 2017 , MACHADO et al., 2017 , Martinotti and Ranzato, 2015 . The propolis antioxidant property can be attributed to its ingredients from phenol compounds, which give hydrogen ions to free radicals preventing oxidation reactions in the cells, as well as protecting against oxidation and poisoning associated with food storage. Propolis had the ability to get rid of free radicals, which are the fundamental cause of lipids, proteins and nucleic acids oxidation (Chandna et al., 2014) . It is also reported by Zabaiou et al. 2017 that human red blood cells are protected by propolis due to its counteracting property against lipid peroxidation, which confirmed its antioxidant property.
Conclusion
Propolis effectively enhances the improvement and amelioration of the nutritional characters and the damage induced by MSG administration. Furthermore, propolis mitigated the hepatic toxic manifestations induced by MSG in rats. These consequences are attributed to the antioxidant characteristics of propolis. The study encourages a high propolis intake for those who exposed to MSG, as it has great beneficial impacts against many toxic substances and metabolic disorders. 
